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Abstract

One of the major finishing projects in Slovenia is to link
the country via modern expressways. Almost half of Slovenia is karst and more than half of its supply of water
comes from karst aquifers. Slovenia is the home of the
Classical Karst region, which gave name to numerous
world languages for the type of landscape that develops
on carbonate rock and where the science of karstology
began to develop. Comprising an important part of our
natural and cultural heritage, the sensitive karst landscape demands from us good knowledge and serious effort for its preservation. This paper describes the value
regular research of karst features revealed during the
construction of expressways for spatial planning in karst
regions of Slovenia.

Introduction

Since 1994, Slovene karstologists have cooperated
closely in the planning and construction of expressways
in karst regions. With the consideration of the integrity
of the karst landscape in the foreground, we have recommended avoiding important areas of karst phenomena (sinkholes, poljes, collapse dolines, karst walls, etc.)
and already known caves in the selection of routes for
expressways. We have devoted special attention to the
impact on karst waters of building and using the expressways. Expressway should be impermeable. Water from
the road surface is first collected in oil separators and

then released clean into the karst. We have also studied
the pollutants in the water that flows off the expressways
every day (Knez et al. 2011, 2012, 2015, Knez & Slabe
2016).
Construction work has provided a series of important
discoveries about the formation of karst and its development on various bedrock, in different conditions, and
through various processes. We have studied the karst
along expressways on Classical Karst (southwest Slovenia), the central part of the Dolenjska karst region
(southeast Slovenia), and the young karst in the Vipava
Valley (southwest Slovenia). Classical Karst is mainly
composed of Upper Cretaceous, primarily thick-bedded
pure limestones and often thin-bedded Palaeogene limestones. The predominant rocks in the Dolenjska karst region are Triassic and Jurassic limestones and dolomites.
The Vipava Valley is made up of Quaternary breccias.
This selection of sites includes the most important areas of our karst regions. We have acquired a great deal
of information about surface karst phenomena and the
epikarst, and where excavation work has cut deeper in
the surface and in tunnels about the vadose zone and the
paleokarst. Everywhere the development of the karst left
important traces, above all in the numerous old caves.
More than 350 new caves were opened on the 70-kilometer section of expressway (Knez & Slabe 2016) built
on karst (Figure 1). Based on previous investigations,
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geological data and broad karstological knowledge, we
anticipated the number and density of caves for an individual section of the expressway. As a result, most of the
caves were anticipated. In the Kastelec tunnel (Classical
Karst) we anticipated the largest cave, which was discovered during expressway construction; it is over 500m
long and its passages wind their way around both tunnel tubes (Knez et al. 2008). The project of constructing
modern expressways in Slovenia has been underway for
the past 25 years, divided into several stages and into
tens of construction sections. Most caves were discovered during earthmoving works.

ered by flysch and 2. shafts (Figure 2) through which water vertically percolates from the permeable karst surface
to the underground water. The deepest shaft found measured 109 meters (Figure 3). Some old caves are empty,
almost two thirds of them are filled with alluvium, and
one third are unroofed caves.

Relative to the development of the aquifer, we distinguish between 1. old caves through which watercourses
flowed when the karst aquifer was surrounded and cov-

Figure 2. Shaft opened during the construction work on Classical Karst.

Figure 1. Caves opened during the construction work on Classical Karst. Legend: 1a-cave,
1b-cave filled with sediments, 2-shaft.
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Figure 3. Different caves uncovered during
the motorway construction on Classical Karst.

Classical Karst, southwest Slovenia

In the karst region of western Slovenia, we have studied
surface karst phenomena such as dolines and karren. The
numerous newly opened caves have revealed the perforation of individual parts of the aquifer. These include
old caves that today are dry since they are located high
above the water table and shafts through which water
flows from the permeable karst surface to the aquifers
below. A good part of the caves is filled with alluvial sediments (Figure 4). In combination with other speleological features, patterns of cave networks and their parts,
and subsoil rock forms, these sediments helped to determine important periods in the formation and development of caves and their age. Paleomagnetic determination of the age of sediments assists us here (Zupan Hajna
et al. 2008). Sediments are more than 5 million years
old. That shows that they were filled after the Messinian
crises when the groundwater level, connected with the
rising and filling of the Mediterranean Basin, rose (Bosák
et al. 2007, Zupan Hajna et al. 2008). We can therefore
rank them among our oldest caves, and their age exceeds
our previous estimates. The opening of unroofed caves,
(Figures 5, 6) also provided important information, as
we discovered that these traces of the development of the
aquifer helped form the karst surface much more than
we previously suspected. Due to atmospheric factors,
the surface lowers by roughly 100m every million years
(Gams 2004), revealing old subterranean forms which
merge with the surface. Unroofed caves have been 20%
of all caves discovered all along the layout.
Unroofed caves, which are the consequence of the lowering of the karst surface, comprise a new form that we

Figure 4. Cave filled with sediment opened
during the construction work on Classical
Karst.

have added as a unique form to the international list of
karst forms. We first described unroofed caves as a new
karst surface form in a shorter text published in 1994
(Knez & Šebela 1994); it was followed by numerous

Figure 5. Unroofed cave opened during the
construction work on Classical Karst.

Figure 6. Unroofed cave opened during the
construction work on Classical Karst.
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scientific papers in international literature, some o them
(Knez & Slabe 1999, 2002, 2004, 2005, Bosák et al.
2007, Knez et al. 2015, Knez & Slabe 2016, Čeru et al.
2018).
On the majority of karst surfaces overgrown with forest, traces of human activity have been discovered, the
history of their former intensive exploitation, primarily
for agriculture and water supply. Classical Karst has an
extraordinary and rich history. Over a hundred years ago,
this region was almost completely bare due to intensive
agriculture and animal farming. After land use was gradually abandoned, the Classical Karst became overgrown,
in part due to human intervention (Kranjc 1997).

10, 11, 12). Here the karst formed in young breccia that
developed from the consolidated slope rubble below
Mount Nanos. With the percolation of water from the
surface, sinkholes of similar shape began to form. Many
types of caves were discovered. Smaller caves character-

Alluvium-covered karst, southeast Slovenia

Construction work on the low and largely alluvium-covered Dolenjska karst primarily revealed the subsoil shaping of the karst (Figures 7, 8, 9). Here we can find subsoil
stone forests and subsoil shafts, forms first comprehensively recorded in Slovenia’s karst region. Large areas of
stone forests with their characteristic subsoil rock forms
have revealed all the wealth of the subsoil shaping of
karst surfaces. The water that penetrated through the soil
and sediment uniquely shaped the different carbonate
rock. Consolidated subsoil streams of percolating water
carved subsoil shafts, hollows that are similar to empty
shafts but more or less completely filled with alluvium.

Figure 8. Large areas of stone forests with their
characteristic subsoil rock forms, southeast
Slovenia.

Karst in breccia, southwest Slovenia

Excavation work building the expressway through the
Vipava Valley provided a unique discovery (Figures

Figure 7. Primarily revealed the subsoil shaping of the karst, southeast Slovenia.
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Figure 9. A fissure cave filled with fine-grained
sediment, southeast Slovenia.

Figure 10. A cupola-shaped widening of the
cave passage, southwest Slovenia.

Figure 12. Fissure caves in breccia, southwest
Slovenia.

Figure 11. The entrance to a flysch cave,
southwest Slovenia.

istic of karst developed in the most consolidated parts of
the breccia and larger caves formed at the contact with
the flysch that lies below the breccia. Through them run
smaller streams. Fissure caves are the consequence of
stresses in the slope breccia that lies on inclined flysch
bedrock. The majority of water also flows at such contacts.

Conclusion

The regular research of karst features revealed during
the construction of expressways (Figure 13) has enriched our knowledge of the natural and cultural heritage
and deepened karstological knowledge. In any case, the
construction work assisted by karstologists has exposed

Figure 13. During the construction caves of
various shape and largeness were revealed
dictating further earthworks.

karst features and presented and preserved them for further study. The research results are also a starting point
for spatial planning in karst areas and for protecting the
karst landscape as well as for ongoing project planning
of new railway crossing Classical Karst.
16TH SINKHOLE CONFERENCE

NCKRI SYMPOSIUM 8

169

